Research in contextEvidence before this studyThere has been increasing evidence suggesting that extensive release of pro--inflammatory cytokines may contribute to poor outcomes of COVID--19 patients. We searched PubMed for previous studies published until May 22, 2020 and reported outcomes of COVID--19 patients treated with tocilizumab using the keywords "COVID--19″, "SARS--CoV--2″ AND "tocilizumab". We found a few small retrospective studies compared tocilizumab with a control cohort and reported conflicting survival outcomes. These studies did not report other clinically important outcome measures.Added value of this studyIn this retrospective cohort study, treatment of severe COVID--19 patients with a single intravenous infusion of low--dose tocilizumab (8 mg/kg up to 400 mg) resulted in favorable outcomes such as shorter time to clinical improvement, shorter duration of invasive ventilation, and shorter duration of vasopressor support compared to a control group. These findings require cautious interpretation because a statistically significant difference was seen only for the duration of vasopressor support.Implications of all available evidenceThe use of tocilizumab in severe COVID--19 may shorten the duration of critical resource use and facilitate institutions across the world to allocate intensive care unit staff and resources in COVID--19 outbreak.Alt-text: Unlabelled box

1. Introduction {#sec0004}
===============

Coronavirus disease 2019 (COVID--19), caused by severe acute respiratory syndrome coronavirus 2 (SARS--CoV--2), was initially detected in China and has been declared a global pandemic by World Health Organization on March 11, 2020 \[[@bib0001]\]. The clinical spectrum of this illness ranges from asymptomatic infection to acute respiratory distress syndrome (ARDS), circulatory shock, multiorgan failure, and ultimately death \[[@bib0002],[@bib0003]\]. Massive demand for invasive ventilation and intensive care unit beds in a short period of time overwhelmed the healthcare systems around the world \[[@bib0004],[@bib0005]\]. Currently, the standard of care is supportive therapy and there is an urgent need for effective treatment against COVID--19.

ARDS is the leading cause of mortality in COVID--19 patients and extensive release of pro--inflammatory cytokines is suspected to contribute to poor outcomes in some patients \[[@bib0006],[@bib0007]\]. Overactivation of immune system, like in secondary hemophagocytic lymphohistiocytosis (sHLH), can be triggered by viral infections \[[@bib0008],[@bib0009]\]. Similarities between clinical presentation of sHLH and severe COVID--19 such as multiorgan involvement, cytopenia, coagulopathy, high levels of ferritin and transaminases were previously noted \[[@bib0008],[@bib0010]\]. Elevated pro--inflammatory cytokines and inflammatory biomarkers such as interleukin 6, C--reactive protein (CRP), and ferritin have been shown to be higher in patients with severe COVID--19 and predictors of mortality \[[@bib0011],[@bib0012]\]. In one study, the level of interleukin 6 was noted to be 10 times higher in critically ill COVID--19 patients who required mechanical ventilation or vasopressor support compared to those with milder disease and interleukin 6 level correlated with the detection of SARS--CoV--2 RNAaemia \[[@bib0013]\]. These findings suggest that anti--cytokine targeted therapies might be of benefit for patients with severe COVID--19. Tocilizumab, a monoclonal antibody against interleukin 6 receptor, was previously approved by Food and Drug Administration for the treatment of cytokine release syndrome \[[@bib0014]\] and may provide clinical benefit for selected COVID--19 patients with high inflammatory biomarkers. We hereby report our experience with using tocilizumab in hospitalized patients with severe COVID--19.

2. Methods {#sec0005}
==========

2.1. Study design and patients {#sec0006}
------------------------------

In this cohort study, we retrospectively reviewed all patients who were diagnosed with COVID--19 by reverse--transcriptase--polymerase--chain--reaction assay (RT--PCR) and consecutively admitted to Cleveland Clinic Fairview Hospital between March 13, 2020 and April 19, 2020. This study timeframe was not predetermined and represents the time between first COVID--19 admission in our hospital and initiation of data collection. Fairview Hospital has 50 intensive care unit beds and has been designated as a referral center among Cleveland Clinic facilities for COVID--19 admissions in the west side of Cleveland. Our inclusion criteria were patients aged more than 18 years and diagnosed with severe COVID--19, defined as requiring supplemental oxygen for saturation of less than 94% while on ambient air. We have excluded patients who did not require supplemental oxygen during hospitalization. This study was conducted according to the Declaration of Helsinki and approved by the institutional review board of Cleveland Clinic.

2.2. Treatment for COVID--19 {#sec0007}
----------------------------

On admission, all COVID--19 patients were started on Hydroxychloroquine with a loading dose of 400 mg twice daily followed by 200 mg per day twice daily for additional five days and Azithromycin 500 mg per day for five days, unless contraindicated. An electrocardiogram was obtained for each patient to check corrected QT interval at baseline. Tocilizumab was given to COVID--19 patients in the presence of hypoxia, lung infiltrates on chest radiography, elevated inflammatory biomarkers (either CRP \>3 g/dl or ferritin \>400 ng/ml), concern for clinical deterioration, and if none of the following contraindications were present; confirmed or suspected bacterial or fungal infections, platelet count \<100,000/mm^3^, neutrophil count \<2000/mm^3^, and alanine aminotransferase (ALT) or aspartate aminotransferase (AST) more than five times the upper limit of the normal range (50 U/L for ALT and 40 U/L for AST). Interleukin 6 level was not part of the tocilizumab criteria because it did not necessarily result in an actionable time frame. Consultation of an infectious disease specialist was required to ensure patients were eligible to receive tocilizumab based on these criteria. The predetermined dose of tocilizumab was 4 to 8 mg/kg with a maximum dose of 400 mg \[[@bib0015],[@bib0016]\]. All patients in our cohort were dosed based on 8 mg/kg and received 400 mg tocilizumab as a 60 min single intravenous infusion. Patients were not screened for latent tuberculosis or hepatitis viruses prior to tocilizumab infusion. There is no standard protocol in place for use of corticosteroid in patients with COVID--19 at our hospital.

2.3. Study variables and assessments {#sec0008}
------------------------------------

We have retrospectively collected data on patients' demographics, comorbidities, symptoms, oxygen--support category, ratio of partial pressure of arterial oxygen over fraction of inspired oxygen (PaO2/FiO2 ratio), laboratory values, diagnostic workup, therapies, complications, and outcomes. Oxygen--support categories, defined as an ordinal scale of 1 (ambient air), 2 (low--flow oxygen), 3 (high--flow oxygen), and 4 (invasive mechanical ventilation), were collected daily since admission for each patient. Change in oxygen requirement was considered improved if the ordinal scale of oxygen--support category was decreased at last follow--up or remained same for patients discharged from the hospital. Clinical improvement was defined as live discharge from the hospital without worsening of oxygen--support category compared to initial admission or at least 2 points decrease in the six--point scale as follows; 1) not hospitalized, 2) hospitalized but not requiring supplemental oxygen, 3) hospitalized and requiring supplemental oxygen, 4) hospitalized and requiring nasal high--flow oxygen therapy, noninvasive mechanical ventilation, or both, 5) hospitalized and requiring invasive mechanical ventilation, extracorporeal membrane oxygenation, or both, and 6) death. These criteria were used in prior COVID--19 clinical trials \[[@bib0017], [@bib0018], [@bib0019]\] but we simplified the original eight--point scale into a six--point scale by combining two non--hospitalized categories into one category and by combining two non--hypoxic categories into one category \[[@bib0018]\]. Main outcomes of interest were time to clinical improvement, duration of invasive ventilation, and duration of circulatory shock requiring vasopressor support in tocilizumab vs. no tocilizumab cohorts. We have regarded hospital--acquired infectious complications and trend of AST and ALT for both cohorts as safety measures.

2.4. Statistical analysis {#sec0009}
-------------------------

No sample size calculations were performed. Descriptive analysis was performed to compare baseline characteristics of patients in tocilizumab and no tocilizumab cohorts. Continuous variables were reported as median with interquartile range (IQR) and medians of two groups were compared using Wilcoxon-Mann-Whitney test. Categorical variables were compared using chi--square or Fisher\'s exact test. We have used Kaplan--Meier analysis and log--rank test to compare cumulative incidence of clinical improvement among patients in tocilizumab and no tocilizumab cohorts. Cox proportional hazards analysis was performed to test for association between baseline characteristics and clinical improvement. This analysis did not include a provision for correcting for multiple comparisons in tests for association between baseline variables and outcomes and thus, results are reported as point estimates and 95% confidence intervals. The confidence intervals should not be used to infer definitive associations with outcomes because the widths of confidence intervals have not been adjusted for multiple comparisons. All reported p values are two--sided and a p value of less than 0·05 was considered statistically significant. All statistical calculations were made using R statistical software version 3·4·0 (R Foundation for Statistical Computing, Vienna, Austria).

2.5. Role of funding {#sec0010}
--------------------

This study was not funded by any source. All authors had full access to all the data in the study and had final responsibility for the decision to submit for publication.

3. Results {#sec0011}
==========

3.1. Baseline characteristics of the patients {#sec0012}
---------------------------------------------

We have identified 58 COVID--19 patients, seven of them were excluded due to absence of hypoxia during their hospitalization and remaining 51 were included for analysis. Twenty--eight (55%) patients received a single dose of tocilizumab after a median of 2 days (IQR: 1 -- 3) from the day of hospitalization and 23 (45%) patients did not receive tocilizumab. [Table 1](#tbl0001){ref-type="table"} summarize the baseline characteristics of the patients. Median age and number of comorbidities were 65 years (IQR: 53 -- 74) and 2 (IQR: 1 -- 3), respectively. Most common symptoms at presentation were shortness of breath (88%), chills (73%), and cough (65%). Objective fever was documented in 31 (61%) patients within 24 h of presentation. Individual patient data is available for demographics and comorbidities in table S1 and for vitals and symptoms on presentation in table S2.Table 1Baseline characteristics of the patients.Table 1**CharacteristicAll patients(*N*** **=** **51)Tocilizumab(*N*** **=** **28)No Tocilizumab(*N*** **=** **23)**Median age (IQR) -- year65 (53 -- 74)62 (53 -- 71)70 (55 -- 75)Age category-- no. (%)18 (35)8 (29)10 (43)\<50 year8 (16)4 (14)4 (17)50 to 70 year25 (49)16 (57)9 (39)\>70 year18 (35)8 (29)10 (43)Male sex -- no. (%)31 (61)20 (71)11 (48)European American ethnicity -- no. (%)36 (71)22 (79)14 (61)Total number of comorbidities -- median (IQR)2 (1 -- 3)2 (1·75 -- 3)2 (1 -- 3)Comorbid conditions -- no. (%)Hypertension36 (71)19 (68)17 (74)Former tobacco smoker21 (41)14 (50)7 (30)Diabetes mellitus19 (37)11 (39)8 (35)Coronary artery disease9 (18)2 (7)7 (30)Asthma9 (18)5 (18)4 (17)Obstructive sleep apnea9 (18)6 (21)3 (13)Chronic kidney disease8 (16)5 (18)3 (13)Chronic obstructive pulmonary disease6 (12)3 (11)3 (13)Rheumatoid arthritis2 (4)2 (7)0 (0)Systemic lupus erythematosus1 (2)1 (4)0 (0)Ulcerative colitis1 (2)0 (0)1 (4)Kidney transplant recipient1 (2)1 (4)0 (0)Lung transplant recipient1 (2)1 (4)0 (0)Symptoms at presentation -- no. (%)Shortness of breath45 (88)27 (96)18 (78)Cough35 (65)21 (75)14 (61)Fatigue21 (41)11 (39)10 (43)Diarrhea11 (22)6 (21)5 (22)Nasal congestion8 (16)4 (14)4 (17)Nausea / vomiting7 (14)2 (7)5 (22)Sputum production4 (8)2 (7)2 (9)Sore throat3 (6)3 (11)0 (0)Vitals on admission -- no. (%)Highest temperature within 24 h \>100·4°F or 38 °C31 (61)19 (68)12 (52)Heart rate \>100 beats per min14 (27)4 (14)10 (43)Respiratory rate ≥20 breaths per min35 (69)22 (79)13 (57)Highest oxygen--support category -- no. (%)Invasive mechanical ventilation32 (63)21 (75)11 (48)High--flow oxygen2 (4)1 (4)1 (4)Low--flow oxygen17 (33)6 (21)11 (48)Ambient air0 (0)0 (0)0 (0)Highest level of care -- no. (%)Medical intensive care unit40 (78)24 (86)16 (70)Regular nursing floor11 (22)4 (14)7 (30)

In the control cohort, 17 (74%) patients had at least one predetermined contraindication for tocilizumab. The reasons of withholding tocilizumab for each patient were summarized in table S3. Although patient demographics did not influence the decision of giving tocilizumab, patients in tocilizumab cohort were younger (median age: 62 vs. 70 years, *p* = 0·32), more likely to be male (71% vs. 48%, *p* = 0·09), European American (79% vs. 61%, 0·17), and former tobacco smoker (50% vs. 30%, *p* = 0·16) compared to control cohort. Median body mass index was 30 (IQR: 26 -- 36) and 31 (IQR: 27 -- 37) in tocilizumab and no tocilizumab cohorts, respectively (*p* = 0·54). Tocilizumab cohort also had higher prevalence of obstructive sleep apnea (21% vs. 13%, *p* = 0·43) and rheumatologic conditions (11% vs. 0%, *p* = 0·49). Prevalence of hypertension (74% vs. 68%, *p* = 0·76) and coronary artery disease (30% vs. 7%, *p* = 0·06) were higher in patients who did not receive tocilizumab.

Notably, 2 (8%) patients with solid organ transplantation received tocilizumab. Patient--8 received a kidney transplant 5 years before the presentation and was on chronic immunosuppression with tacrolimus 1 mg twice daily, mycophenolate mofetil 250 mg twice daily, and prednisone 5 mg once daily. On admission, tacrolimus and mycophenolate mofetil were held and she was started on hydrocortisone 50 mg every six hours. Tacrolimus was resumed on day--13 of admission at home dose after serum tacrolimus level dropped below the goal range (5 -- 7). Steroid was tapered down to her home regimen by day--14 of admission, and mycophenolate mofetil was restarted with home dose at discharge. Patient--14 received left lung transplant six years prior to presentation and was on chronic immunosuppression with tacrolimus 2·5 mg twice daily and prednisone 5 mg once daily. On admission, steroid was resumed at home dose. Tacrolimus was held due to high serum level and remained held for three days after the tocilizumab infusion. Three days after discontinuation, tacrolimus was resumed at lower dose of 1 mg twice daily and patient was discharged on this dose. Drug interactions between tocilizumab and tacrolimus could not be assessed because they were not given concomitantly.

3.2. Laboratory, radiologic and microbiologic findings {#sec0013}
------------------------------------------------------

On admission, patients in tocilizumab cohort had lower median lymphocyte count (720/mm^3^ vs. 860/mm^3^, *p* = 0·57), lower median interleukin 6 (14 vs. 35 pg/mL, *p* = 0·53), higher median CRP (16·1 vs. 5·1 mg/dL, *p* = 0·003), higher median ferritin (1451 vs. 334 ng/mL, *p* = 0·09), and higher serum creatinine (1·27 vs. 1·05 mg/dL, *p* = 0·1) levels compared to no tocilizumab cohort. Both cohorts had similar levels of AST, ALT, and total bilirubin on presentation ([Table 2](#tbl0002){ref-type="table"}). Laboratory findings of each patient are shown in table S4. We have observed a downward trend in CRP and ferritin and an upward trend in lymphocyte count after administration of tocilizumab, while these values fluctuated in no tocilizumab cohort (Figure S1).Table 2Diagnostic work--up, treatment, and outcomes of patients.Table 2**CharacteristicAll patients(*N*** **=** **51)Tocilizumab(*N*** **=** **28)No Tocilizumab(*N*** **=** **23)**Laboratory values on admissionWhite--cell count, median (IQR) -- per mm^3^6750 (5365 -- 9710)7180 (5520 -- 9142)6740 (4285 -- 9710)Lymphocyte count, median (IQR) -- per mm^3^790 (550 -- 1230)720 (452 -- 1175)860 (705 -- 1265)\<1500/mm^3^ -- positive/total no. (%)41/49 (84)22/26 (85)19/23 (83)Platelet count, median (IQR) -- per 10^9^/liter230 (174 -- 287)242 (180 -- 291)201 (168 -- 262)Serum creatinine, median (IQR) -- mg/dL1·19 (0·83 -- 1·77)1·27 (0·95 -- 2·17)1·05 (0·82 -- 1·62)Interleukin--6 level, median (IQR) -- pg/mL \*25 (11 -- 56)14 (8 -- 59)35 (16 -- 55)C--reactive protein, median (IQR) -- mg/dL †14·4 (8·7 -- 23·5)16·1 (12·5 -- 25·1)5·1 (1·4 -- 17·7)Ferritin, median (IQR) -- ng/mL ‡873 (336 -- 1644)1451 (845 -- 2256)334 (147 -- 708)Fibrinogen, median (IQR) -- mg/dL §621 (476 -- 717)686 (585 -- 767)490 (393 -- 640)Aspartate aminotransferase, median (IQR) -- U/L37 (29 -- 70)41 (30 -- 62)34 (26 -- 71)Alanine aminotransferase, median (IQR) -- U/L31 (17 -- 44)36 (20 -- 51)21 (14 -- 37)Total bilirubin, median (IQR) -- mg/dL0·6 (0·35 -- 1)0·7 (0·4 -- 0·9)0·6 (0·3 -- 1·1)Highest troponin \>0·06 ng/mL -- positive/total no. (%)6/43 (14)3/23 (13)3/20 (15)Infection analyses on admission -- positive/total no. (%)Blood cultures ‖1/45 (2)0/25 (0)1/20 (5)Influenza A or B0/41 (0)0/23 (0)0/18 (0)Respiratory syncytial virus1/41 (2)1/23 (4)0/18 (0)Chest radiography findings on admission -- no. (%)Bilateral infiltrates49 (96)28 (100)21 (91)Clear2 (4)0 (0)2 (9)Therapies -- no.Tocilizumab28 (55)28 (100)0 (0)Systemic steroid ¶31 (61)20 (71)11 (48)Hydroxychloroquine and azithromycin \*\*48 (94)26 (93)22 (96)Complications during hospitalization -- no. (%)Hospital--acquired infectious complications10 (20)5 (18)5 (22)Circulatory shock requiring vasopressor support25 (49)16 (57)9 (39)Acute kidney injury without need of renal replacement therapy19 (37)8 (29)11 (48)Acute kidney injury requiring renal replacement therapy9 (18)7 (25)2 (9)Venous thromboembolism5 (10)3 (11)2 (9)OutcomesMedian hospital length of stay, median (IQR) -- day10 (5·5 -- 17)11 (6 -- 22·25)7 (5 -- 13·5)Median intensive care unit length of stay, median (IQR) -- day8·5 (4 -- 16)8·5 (6·75 -- 17)8·5 (3·75 -- 12)Median duration of vasopressor support, median (IQR) -- day3 (2 -- 5)2 (1·75 -- 4·25)5 (4 -- 8)Median duration of invasive ventilation, median (IQR) -- day8·5 (4·75 -- 15)7 (4 -- 14)10 (5 -- 15)Improvement in oxygen--support category -- no. (%)31 (61)18 (64)13 (57)Discharged from hospital -- no. (%)24 (47)11 (39)13 (57)Died in hospital -- no. (%)5 (10)3 (11)2 (9)[^2][^3][^4][^5][^6][^7][^8]

All patients underwent a chest radiograph on admission, 49 (96%) had bilateral pulmonary opacities and two (9%) patients in the no tocilizumab cohort did not have any pathological finding at initial presentation. A computed tomographic scan of the chest was obtained for six (12%) patients and all showed bilateral ground--glass opacities.

Nasopharyngeal swabs were obtained from 41 (80%) patients to test for respiratory syncytial virus and influenza A and B by RT--PCR. Of which, only one patient in tocilizumab cohort was concomitantly diagnosed with respiratory syncytial virus, influenza A or B were not detected in any patients. Blood cultures were obtained from 45 (88%) patients on admission. Of which, all were negative except both peripheral blood samples of one patient in no tocilizumab cohort showed methicillin--susceptible Staphylococcus aureus.

3.3. Clinical course and other therapies {#sec0014}
----------------------------------------

Tocilizumab cohort was sicker because more patients required admission to intensive care unit (86% vs. 70%, *p* = 0·19), invasive mechanical ventilation (75% vs. 48%, *p* = 0·046), vasopressor support (57% vs. 39%, *p* = 0·2), and renal replacement therapy (25% vs. 9%, *p* = 0·16) during hospitalization as compared to patients in no tocilizumab cohort. The median lowest PaO2/FiO2 ratio within 24 h of intubation was 148 (IQR: 107 -- 195) in tocilizumab cohort and 207 (IQR: 127 -- 231) in no tocilizumab cohort (*p* = 0·13).

Forty--eight (94%) patients were started on hydroxychloroquine and azithromycin after COVID--19 diagnosis was confirmed. Of the remaining patients, two (7%) patients in tocilizumab and one (4%) patient in no tocilizumab cohort did not receive this regimen due to prolonged corrected QT interval (*p* = 1). Among patients who required vasopressor and/or mechanical ventilation support at any time, systemic steroid was given to 17 of 21 (81%) patients in tocilizumab cohort and nine of 11 (82%) patients in no tocilizumab cohort (*p* = 1). In patients who did not require invasive oxygen--support, three of seven (43%) patients in tocilizumab cohort and two of 12 (17%) patients in no tocilizumab cohort received systemic steroid (*p* = 0·3). Median daily dose and median duration of systemic steroid in tocilizumab vs. no tocilizumab cohorts were 50 mg equivalent of prednisone (IQR: 50 -- 75) vs. 50 mg equivalent of prednisone (IQR: 50 -- 50), *p* = 0·34, and 2·5 days (IQR: 2 -- 4·25 days) vs. 2 days (IQR: 2 -- 5), *p* = 0·93, respectively.

3.4. Outcomes {#sec0015}
-------------

[Fig. 1](#fig0001){ref-type="fig"} shows the outcomes of individual patients. Median follow--up of the patients was 10 days (IQR: 6 -- 17). Outcomes of intubated patients in tocilizumab (*N* = 21) vs. no tocilizumab (*N* = 11) cohorts were as follows; 11 (52%) vs. four (36%) had improvement in oxygen--support category (*p* = 0·47), five (24%) vs. four (36%) were discharged from the hospital (*p* = 0·68), 13 (62%) vs. five (45%) were still hospitalized (*p* = 0·37), and three (14%) vs. two (18%) died (*p* = 1), respectively. Among patients who required non--invasive oxygen support in tocilizumab (*N* = 7) vs. no tocilizumab (*N* = 12) cohorts, no patients died, seven (100%) vs. nine (75%) had improvement in oxygen--support category (*p* = 0·26) and six (86%) vs. nine (75%) were discharged from the hospital (*p* = 1), respectively.Fig. 1Changes in Oxygen and Vasopressor Requirements for Individual Patients. (A) Tocilizumab cohort (B) No **Tocilizumab cohort.** Each horizontal line represents a patient. Arrows within the lines show the duration of vasopressor support for patients who required vasopressor. The colored circles near the patient number indicate the improvement status of oxygen--support category between baseline (Day 0) and last follow--up. A discharged patient was considered "improved" if the oxygen--support category at discharge was not worse than initial admission. The shapes of star, open diamond, and solid square at the end of each line mean ongoing hospitalization, discharge, and death for the corresponding patient, respectively.Fig. 1

Cumulative incidence of clinical improvement at 21 days in tocilizumab vs. no tocilizumab cohorts were 76·5% (95% CI: 57·3 -- 95·6) vs. 79·4% (95% CI: 56·0 -- 100) among all patients (*p* = 0·7) and 67·9 (95% CI: 43·2 -- 92·7) vs. 61·9 (95% CI: 21·9 -- 100) among patients required mechanical ventilation (*p* = 0·3), respectively ([Fig. 2](#fig0002){ref-type="fig"}). Median time to clinical improvement in tocilizumab vs. no tocilizumab cohorts were 6·5 days (IQR: 4 -- 9 days) vs. 7 days (IQR: 5 -- 10 days) among all patients (Hazard ratio for clinical improvement: 1·14, 95% CI: 0·55 -- 2·38, *p* = 0·72) and 8 days (IQR: 6·25 -- 9·75 days) vs. 13 days (IQR: 9·75 -- 15·25 days) among patients required mechanical ventilation at any time (Hazard ratio for clinical improvement: 1·83, 95% confidence interval \[CI\]: 0·57 -- 5·84, *p* = 0·31), respectively. Table S5 shows the association between baseline characteristics and clinical improvement. The median duration of vasopressor support and invasive mechanical ventilation were 2 days (IQR: 1·75 -- 4·25 days) vs. 5 days (IQR: 4 -- 8 days), *p* = 0·039, and 7 days (IQR: 4 -- 14 days) vs. 10 days (IQR: 5 -- 15 days), *p* = 0·40, in tocilizumab vs. no tocilizumab cohorts, respectively. Overall, median length of stay in intensive care unit was 8·5 days in both cohorts. The median length of stay in hospital was 11 days (IQR: 6 -- 22·5 days) in tocilizumab cohort and 7 days (IQR: 5 -- 13·5 days) in no tocilizumab cohort (*p* = 0·11) ([Table 2](#tbl0002){ref-type="table"}).Fig. 2Cumulative incidence of clinical improvement. Day 0 (baseline) represents the day on which tocilizumab was given for tocilizumab cohort and represents the first day of admission to hospital for no tocilizumab cohort.Fig. 2

The age difference between both cohorts is an important confounding factor. Thus, we also compared the outcomes among patients aged ≥65 years and required invasive ventilation. In this subset of patients, tocilizumab cohort still had higher rate of clinical improvement; 40% (four of 10 patients) vs. 13% (one of eight patients), *p* = 0·20, shorter median time to clinical improvement; 8 days (IQR: 5 -- 14·5) vs. 12·5 (IQR: 7·75 -- 17·5), *p* = 0·53, and shorter median duration of vasopressor support; 2·5 days (IQR: 1·75 -- 3·25) vs. 6·5 days (IQR: 4·25 -- 9·5), *p* = 0·011, compared to no tocilizumab cohort, respectively.

3.5. Safety {#sec0016}
-----------

Minor changes in AST and ALT were observed for patients in both tocilizumab and no tocilizumab cohorts during hospitalization (Figure S2). Five (18%) patients in tocilizumab cohort and five (22%) patients in no tocilizumab cohort were diagnosed with hospital--acquired infections (*p* = 0·74). Details of these infections are shown in Table S6.

4. Discussion {#sec0017}
=============

In this study, tocilizumab cohort had a higher rate of improvement in oxygen--support category for both subsets of patients who required invasive and non--invasive oxygen support. Among intubated patients, tocilizumab cohort had 5 days shorter median time to clinical improvement despite concomitant use of systemic steroid (81% vs. 82%) and combination of hydroxychloroquine and azithromycin (93% vs. 96%) were similar in both cohorts. The median duration of vasopressor support and invasive mechanical ventilation were both 3 days shorter in tocilizumab cohort compared to no tocilizumab cohort. Overall, median length of stay in hospital was 4 days longer in tocilizumab cohort but importantly higher proportion of these patients required admission to intensive care unit. In general, older patients are more fragile and tend to have poor outcomes given the higher prevalence of other coexisting medical comorbidities \[[@bib0003],[@bib0010]\]. Importantly, tocilizumab cohort was younger in our study but had similar total number of comorbidities compared to control cohort. This may, in part, explain the reason for more severe disease in tocilizumab cohort despite being younger than the control cohort. We have not observed significantly higher adverse events in tocilizumab cohort with regards to similar rates of hospital--acquired infection and minor changes in AST and ALT for both cohorts.

Previous studies suggested that SARS--CoV--2 can cause over--activation of immune system and clinicians need to be vigilant against cytokine release syndromes \[[@bib0006]\]. High prevalence of multiorgan failure along with high interleukin 6 and other inflammatory biomarkers may support the role of cytokine storm in clinical picture of our patients. In addition to our study, respiratory failure and circulatory shock were previously reported to be most common causes of intensive care unit admission \[[@bib0020]\]. Although corticosteroid treatment was previously shown to cause delay in clearance of viral RNA for other coronavirus species \[[@bib0021]\], balanced immunosuppression that would allow immune system to clear the virus but prevent the harmful effects on the body, might be of benefit. Measurement of inflammatory biomarkers may guide clinicians to select appropriate patients for immunosuppressive therapy \[[@bib0006]\]. Although there is no established cut--off value for interleukin 6 level to predict a higher likelihood of cytokine release syndrome, the median interleukin 6 level was roughly five times the upper limit of normal in our study. The trend of serum interleukin 6 level after tocilizumab infusion is not reported in this study because we did not perform serial measurements of interleukin 6 level after the baseline assessment. We have demonstrated the consistent downtrend of CRP and ferritin after administration of tocilizumab, it is unclear yet whether downtrend of these acute phase reactants correlates with clinical improvement.

A few case series previously noted quicker fever resolution, decrease in inflammatory biomarkers, and improvement in oxygenation after tocilizumab for COVID--19 patients who required mostly non--invasive ventilation \[[@bib0015],[@bib0022]\]. In a study from Italy, authors reported 100 COVID--19 patients who were treated with tocilizumab. Improvement in oxygenation was seen in 32 (74%) of 43 patients who were on invasive ventilation and 37 (65%) of 57 patients who were on non--invasive ventilation \[[@bib0023]\]. These studies did not have a control cohort. In a propensity--matched case--control study from Italy, 21 COVID--19 patients received tocilizumab and had similar rates of intensive care unit admission and 7--day mortality compared to those treated with a combination of hydroxychloroquine and azithromycin \[[@bib0024]\]. Changes in oxygenation status of the patients were not reported in this study. On the contrary, another study in Italy reported significantly greater survival benefit among 62 COVID--19 patients treated with tocilizumab compared to 23 patients treated with a combination of hydroxychloroquine, lopinavir, and ritonavir \[[@bib0016]\]. Similar to our study, patients were given 400 mg tocilizumab as a single intravenous infusion in this study \[[@bib0016]\].

Our study has several limitations that require careful interpretation of the findings and may affect the generalizability of the results. First, the study design was retrospective in nature with a non--randomized control group. Second, this single--center cohort study with a small sample size was not feasible to perform propensity score matched analysis. Although tocilizumab cohort was younger, we have shown that favorable outcomes of tocilizumab cohort persisted among patients aged ≥65 years as well. Third, we had a relatively short follow--up duration. As a result, clinical outcomes of 9 patients did not improve or worsen at last follow--up. Fourth, although similar proportion of intubated patients in both cohorts received hydroxychloroquine, azithromycin, and systemic steroid, concomitant use of these drugs may have influenced the outcomes. In a recent multinational registry analysis, hydroxychloroquine and azithromycin were not associated with any clinical benefit \[[@bib0025]\]. As such, these drugs were unlikely to contribute to the favorable outcomes in our cohort. Other potentially beneficial agents were also concomitantly used in previous reports of tocilizumab for COVID--19 patients.

Despite the limitations, our findings have important clinical implications. Higher mortality rates in certain countries such as Italy, Spain, and France were in part due to surge of patients requiring high level of care \[[@bib0026],[@bib0027]\]. The quicker recovery with decreased duration of vasopressor and invasive ventilation support in our cohort is a promising finding that would help hospitals across the world to accommodate the increased need for critical resources and intensive care unit beds. In addition, we demonstrated favorable outcomes with a single 400 mg dose of tocilizumab, while majority of prior studies used higher doses with multiple infusions (i.e. 800 mg tocilizumab with a repeat dose in 12 h) \[[@bib0023],[@bib0024]\]. Hence, our results may be instructive to evaluate low--dose tocilizumab in large prospective studies because similar outcomes with fewer side effects might be achieved with low--dose tocilizumab. In conclusion, our findings suggest that use of tocilizumab in selected patients with severe COVID--19 may provide clinical benefit. These findings require validation from ongoing clinical trials of tocilizumab in COVID--19 patients.
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[^1]: Both the authors contributed equally to this article.

[^2]: \*Interleukin--6 level was missing for 2 and 12 patients in tocilizumab and no tocilizumab cohorts, respectively.

[^3]: †C--reactive protein level was missing for 2 patients in no tocilizumab cohort.

[^4]: ‡Ferritin level was missing for 3 patients in no tocilizumab cohort.

[^5]: §Fibrinogen level was missing for 6 and 8 patients in tocilizumab and no tocilizumab cohorts, respectively.

[^6]: ‖Cultures from two separate peripheral blood samples showed methicillin--susceptible Staphylococcus aureus.

[^7]: ¶Among patients who required vasopressor and/or mechanical ventilation support, systemic steroid was given to 17 of 21 (81%) patients in tocilizumab cohort and 9 of 11 (82%) patients in no tocilizumab cohort.

[^8]: \*\*Hydroxychloroquine and azithromycin were not given to 3 patients due to prolonged corrected QT interval.
